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Abstract
Background Hysterectomy rates are decreasing in many countries, and virtual reality simulators bring new opportunities into 
residents’ surgical education. The objective of this study was to evaluate the effect of training in laparoscopic hysterectomy 
module with virtual reality simulator on surgical outcomes among residents performing their first laparoscopic hysterectomy.
Methods This randomized study was carried out at the Department of Obstetrics and Gynecology in Helsinki University 
Hospital and Hyvinkää Hospital. We recruited twenty residents and randomly signed half of them to train ten times with 
the laparoscopic hysterectomy module on a virtual reality simulator, while the rest represented the control group. Their first 
laparoscopic hysterectomy was video recorded and assessed later by using the Objective Structured Assessment of Technical 
Skills (OSATS) forms and Visual Analog Scale (VAS). The scores and surgical outcomes were compared between the groups.
Results The mean OSATS score for the Global Rating Scale (GRS) was 17.0 (SD 3.1) in the intervention group and 11.2 
(SD 2.4) in the control group (p = 0.002). The mean procedure-specific OSATS score was 20.0 (SD 3.3) and 16.0 (SD 2.8) 
(p = 0.012), and the mean VAS score was 55.0 (SD 14.8) and 29.9 (SD 14.9) (p = 0.001). Operative time was 144 min in 
the intervention group and 165 min in the control group, but the difference did not reach statistical significance (p = 0.205). 
There were no differences between the groups in blood loss or direct complications.
Conclusion Residents training with a virtual reality simulator prior to the first laparoscopic hysterectomy seem to perform 
better in the actual live operation. Thus, a virtual reality simulator hysterectomy module could be considered as a part of 
laparoscopic training curriculum.
Keywords Surgical education · Resident education · Virtual reality simulator · OSATS · VAS
Although the number of live operations in residents’ train-
ing has diminished [1], technology offers new solutions for 
surgical training in the form of lap trainers and virtual real-
ity simulators [2–5]. With these training tools, it is possi-
ble to acquire fundamental laparoscopic skills [2], and they 
may be used as a part of the procedural training curriculum 
[6], as well. Though procedural skills have been proven to 
be transferred into the operating room after virtual reality 
simulator modules in laparoscopic cholecystectomy [7], in 
laparoscopic salpingectomy [8], and in cataract surgery [9], 
no data exists on the effect of virtual reality simulators on 
advanced major surgical procedures [10].
In gynecology, hysterectomy is a major benign surgery 
and it is simultaneously one of the most common gyneco-
logical procedures [11]. In this study, our aim was to eval-
uate the effect of training with the laparoscopic hysterec-
tomy module on a virtual reality simulator on a resident’s 
first laparoscopic hysterectomy as a first surgeon.
Materials and methods
For this interventional and blinded study, 20 residents 
were enrolled between June 2013 and March 2016. The 
participants came from Helsinki University Hospital and 
Hyvinkää Hospital. All residents in gynecological surgery 
rotation with experience in laparoscopic diagnostic and 
adnexal surgery as a first surgeon, as well as assisting 
in more advanced laparoscopic procedures, were invited. 
None of the residents fulfilling the criteria declined to 
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participate. Laparoscopic hysterectomy as a first surgeon 
or training with hysterectomy module with a virtual real-
ity simulator were exclusion criteria. Participants were 
randomized using sealed envelopes into two equal size 
intervention and control groups by a research assistant 
outside the study.
Participant demographics were collected by question-
naires. They included age, experience in obstetrics and 
gynecology and in general surgery, experience in diagnos-
tic and adnexal surgery as a first surgeon, and ongoing or 
past video game and musical instrument playing habits. 
Patient- and surgery-related data were collected from the 
medical records. They included age, body mass index, 
previous abdominal surgery, Cesarean sections and deliv-
eries, weight of the removed uterus, concomitant adnexal 
surgery, operating time, blood loss, and complications.
All participants in the intervention and control group 
did the web-based theoretical course ‘Basics in gyneco-
logical laparoscopy’ [12], and trained five times each 
of the nine basic skill tasks in the same virtual reality 
simulator (LAP Mentor, Simbionix Corporation, Cleve-
land, Ohio, USA). Thus, all participants did the same 
intervention that was used in our recent study to evaluate 
its effect on residents’ first operative laparoscopy [13]. 
These practice sessions were automatically recorded 
and were used to assess the technical skill level in the 
beginning of the study. A composite score [14] was cal-
culated for each task to standardize different dimensions 
of the tasks, and scores were normalized meaning that 
the mean performance had a score of 100, better per-
formances scored > 100, and worse performances < 100. 
We weighted each dimension equally. Simultaneously, all 
participants took part in the standard clinical education at 
the wards with clinical lectures.
The intervention group trained ten times with the hys-
terectomy module without the guidance function in vir-
tual reality simulator within 1 month before the surgery. 
The module was introduced before starting the training 
program. The rehearsal has a standardized surgical case 
with normal size uterus, and it starts with setting the 
camera on place and ends with colpotomy. The proce-
dure is done following the standard steps introduced in 
the web material [12]. All practice sessions were auto-
matically recorded, and all the recorded parameters were 
analyzed for learning curves. These parameters included 
total procedure time, idle time (total time that the moving 
instrument is not touching the tissue), total path length 
of instruments, total number of movements of the instru-
ments, respect for tissue, and venous and organ injuries. 
Also for each participant, a composite score weighting 
each dimension equally was calculated for laparoscopic 
hysterectomy module.
The participants’ first laparoscopic hysterectomy as a first 
surgeon was a video recorded for later evaluation. In every 
operation, the first assistant was a senior doctor and the sec-
ond assistant was a scrub nurse. If necessary, the assisting 
doctor instructed and directed the resident as is the norm in 
apprentice model.
In this study, the surgical recordings of both the inter-
vention and the control group were assessed by two of the 
authors (P.H. and E.J.) who were blinded for the surgent 
and the study group. To assess overall management, we 
used the Visual Analog Scale (VAS) and a young special-
ist’s level as a reference. This refers to a skill level where 
the operator is able to perform independently a basic lapa-
roscopic hysterectomy. To assess basic technical skills, 
we used the Objective Structured Assessment of Techni-
cal Skills (OSATS) form for Global Rating Skills (GRS) 
[15] and procedure-specific LH-OSATS to assess skills 
in laparoscopic hysterectomy.
To assess procedure-specific skills, we developed the 
OSATS form for laparoscopic hysterectomy (LH-OSATS) 
(Fig. 1) with seven operational core steps including expo-
sure, division of adnexa, division of round ligaments, 
opening of vesico-uterine and vesico-vaginal space, divi-
sion of utero-sacral ligaments and posterior leaflets of 
board ligaments, division of uterine pedicles, and hemo-
stasis and final inspection. For the LH-OSATS form 
construct validation study, we recorded 27 laparoscopic 
hysterectomies of which nine were operated by residents, 
nine by young specialists, and nine by experts. Those 
recordings were assessed by two of the authors (P.H. 
and E.J.) who were blinded for the operator. The OSATS 
scores between the three groups were compared.
As primary outcome measures, we used both OSATS 
forms giving scores 13–65 (6–30 from the GRS and 7–35 
from the LH-OSATS) and the VAS giving scores 0–100. 
Before the assessment, the assessors made a mutual under-
standing of the use of the forms. Secondary outcome 
measures included operating time, blood loss, and direct 
complications.
We based our power calculations on OSATS scores. We 
assumed that the effect size of training on the hysterectomy 
module would be at least at the same level as training on the 
salpingectomy module in a virtual reality simulator. Using 
the same score difference between a novice and an interme-
diate group as in a previous study on the effect of virtual 
reality training on laparoscopic salpingectomy [8], and using 
type 1 error of 0.05 and power of 0.80, needed a number 
of participants of 18. Thus, for our study, we recruited 20 
participants.
We used SPSS 21.0–24.0 statistical software (Chicago, 
IL) for statistical analyses. For continuous parametric 
variables, we used the Independent-samples T test, and 
for non-parametric variables the Mann–Whitney U Test 
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was used. The categorial variables were calculated by 
Chi-Square Tests. The reliability analysis was done by 
the Intraclass Correlation Coefficient test, and correla-
tions for the parametric variables by the Pearson Cor-
relation test and for non-parametric variables by Spear-
man’s rho. In analyses of learning curves, we used the 
Friedman test and the Wilcoxon Signed Rank Test. In 
the validation study, we used the Kruskal–Wallis test and 
Mann–Whitney U tests in post hoc analysis with Bonfer-
roni adjustment.
The Hospital District of Helsinki and Uusimaa and 
the ethics committee of Helsinki University Hospital 
(Dnro390/13/03/03/2012) approved the study design.
Results
The flowchart is shown in Fig. 2. All but one video recording 
were successful; one operation was recorded only partially, 
and therefore was analyzed only partially. In the interven-
tion group, nine participants of ten completed the training 
program as intended. One participant trained with the hys-
terectomy module only four times, but her operation was 
included in the analysis.
Demographics concerning participants, patients, and 
surgeries are presented in Table 1. Despite randomisa-
tion, the residents in the intervention group were more 
experienced in training at obstetrics and gynecology and 
had done more laparoscopic procedures. The compos-
ite score was higher in the control group in basic task 
6 in virtual reality simulator, while in other tasks there 
were no differences between the groups. The overall 
composite score of all the tasks was higher in the control 
group. There was no difference in patients operated or 
in the size of uteri removed. In both groups, five of the 
patients had concomitant salpingectomy, while the rest 
had salpingo-oophorectomy.
 Learning curve plateaus were detected in total pro-
cedure time, total path length of instruments, and total 
number of movements of instruments (Fig. 3). In each 
parameter, the plateau was reached after training with 
the module the third time. In idle time, despite the visual 
plateau in the learning curve, the plateau was not detected 
statistically. With respect to tissue, at the first training 
time, dispersion of the number of events was wide, dimin-
ishing thereafter. In vascular and organ injuries, no pla-
teaus in learning curves were detectable; the number of 
events per training time ranged between 0 and 11 (mean 
Fig. 1  Procedure-specific OSATS form for laparoscopic hysterectomy
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of the events 0.7–2.3) in venous and 0–5 (mean 1.2–3.5) 
in organ injuries.
In validation study of the procedure-specific form, the 
mean score for residents was 20.8 (SD 2.6), for young 
specialists 25.0 (SD 3.3), and for experts 27.6 (SD 6.3) 
(p = 0.01). In post hoc analyses, there was a statistically sig-
nificant difference between residents and young specialists 
(p = 0.012), but not between young and experienced special-
ists (p = 0.094). Between the assessors, Cronbach’s alpha 
coefficient was 0.80, and the Intraclass Correlation Coef-
ficient was 0.80 for average measures and 0.66 for single 
measures.
The mean score in the Global Rating Scale was 17.0 
(SD 3.1) in the intervention group and 11.2 (SD 2.4) in 
the control group (p = 0.002) (Fig. 4). In LH-OSATS, the 
mean score was 20.0 (SD 3.3) in the intervention group 
and 16.0 (SD 2.8) in the control group (p = 0.012, 95% 
CI 1.02–7.05). When combining both OSATS forms, the 
mean score was 37.0 (SD 6.2) in the intervention group 
and 27.5 (SD 5.2) in the control group (p = 0.002, 95% 
CI 3.96–15.12), giving Cohen’s d 1.83, meaning a large 
effect. In VAS, the mean score was 55.0 (SD 14.8) in the 
intervention group and 29.9 (SD 14.9) in the control group 
(p = 0.001, 95% CI 11.23–39.07). Between the assessors, 
the Intraclass Correlation Coefficient in average measures 
was 0.59 for GRS scores, 0.58 for LH-OSATS scores, 
and 0.62 for VAS, showing good reliability. Between 
the combined OSATS score (GRS- and LH-specific) and 
VAS score, we detected a strong correlation, r = 0.95, 
p < 0.0005.
In the intervention group, the operations required 20 min 
less time than in the control group (Table 1), but the differ-
ence was not statistically significant. Likewise, there was 
no difference in blood loss between the groups. In direct 
complications, there was one colon serosa lesion in the con-
trol group.
There was no correlation between hysterectomy mod-
ule composite scores and scores in GRS, LH-OSATS, 
GRS + LH-OSATS, or VAS (correlation coefficient − 0.080, 
− 0.055, − 0.152, and − 0.079, respectively), neither in oper-
ative time nor in blood loss (correlation coefficient 0.305 and 
− 0.038, respectively).
Discussion
In this randomized study, we showed that participants in the 
intervention group performed the laparoscopic hysterectomy 
better than the controls. Furthermore, operating time in the 
Fig. 1  (continued)
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intervention group was 20 min shorter, although this differ-
ence was not statistically significant.
In a recent study [16], with virtual reality training cur-
riculum for laparoscopic hysterectomy, results showed that 
the learning curves plateaued after 4–6 training sessions. 
In our study with the same parameters, plateaus in learn-
ing curves were reached already after the third training 
session, although the training performance improved in 
many parameters thereafter. At the end of the training pro-
gram in our intervention group, six out of ten participants 
reached the set criteria. This demonstrates the importance 
of proficiency-based training programs instead of repeti-
tion-based. However, we were unable to show an associa-
tion between the operation outcome and training program 
performance.
When assessing technical skills in the operating 
room [17], two main assessment tools have been identi-
fied: global rating scales (original or modified version 
of OSATS tool, or the Global Operative Assessment 
of Laparoscopic Skills tool, GOALS) and task-specific 
checklists. We used original OSATS tool for global rat-
ing skills, but we showed construct validity of a new 
OSATS form modified for laparoscopic hysterectomy. 
Specific tools for assessing competence in laparoscopic 
supracervical hysterectomy [18] and total laparoscopic 
hysterectomy [19] have been published, but we chose to 
use a more general form concentrating on the core steps 
in laparoscopic hysterectomy. Quite recently, a form 
for laparoscopic hysterectomy [20] was published, but 
Fig. 2  Flowchart of the participants
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unfortunately this form was not available at the time our 
study was ongoing.
The VAS score is typically used to assess pain or 
anxiety among patients, but it can be also used for other 
purposes, e.g., among residents for assessing their own 
management in a special kind of anesthesia [21], and in 
assessing the overall quality of patient sign-out from the 
emergency department [22]. For trainees’ surgical skills, 
the VAS score has been used to evaluate suturing and knot 
tying skills [23], showing the VAS score and the OSATS 
for global rating skills ‘good’ for educational purposes 
with interrater reliability (IRR) 0.71 in a group where 
assessors were trained to the use of scales. The IRR was 
slightly lower, though VAS scores correlated well with the 
combined OSATS score, and the scale was easy to use. In 
our study, we used young specialist’s level as a reference 
instead of an expert’s level. This allowed us to use wider 
distribution in scores.
The strengths of our study include well-documented 
practice session programs with the virtual reality simula-
tor. Also, all participants did an online learning module as 
a web course ‘Basics in gynecological laparoscopy’ [12] 
and passed the online test. This type of cognitive training 
has been shown to transfer practical skills in the operating 
room [24]. We also used live operations to assess the study 
outcomes and video recordings for accurate and blind 
evaluation. Furthermore, the assessors were blinded for 
the operator and his/her study group, and the IRR between 
assessors was good. In addition to OSATS-GRS and VAS 
scales, we used a procedure-specific form to assess the 
operations more accurately. We showed construct validity 
of this new assessment tool for investigational purposes, 
but full validation and routine use of the form would 
require further studies with other aspects of validity and 
cost implications.
Our study also has limitations. First, the recruitment 
time was long, however, the standard clinical education 
Fig. 3  Learning curves in the hysterectomy module in virtual reality simulator. Line represents the mean and whiskers 95% confidence interval
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was not altered during the study. Participation in the study 
was voluntary, but since all suitable residents partici-
pated, potential recruitment bias was avoided. Second, the 
sample size was small and by chance, the participants in 
the intervention group had longer experience in obstetrics 
and gynecology and they had done more operative lapa-
roscopies than the control group. However, in the begin-
ning of the study they were not more competent in the 
basic skills in the virtual reality simulator, but the longer 
working period in the operating room could have caused 
an advantage in operating as a first surgeon. Third, the 
intervention consisted of training hysterectomy module 
in virtual reality simulator offering only limited realism. 
Every participant had been assisting in more advanced 
laparoscopies, and online material included information 
on performing a laparoscopic hysterectomy. Thus, our aim 
was to evaluate the value of repeated procedural training 
with virtual reality simulator targeting on learning and 
automatization of the surgical steps needed. And finally, 
the impact of the assistant during a laparoscopic hyster-
ectomy is difficult to standardize and evaluate. It is obvi-
ous that residents need guidance while performing their 
first laparoscopic hysterectomy. The instrument of the 
assisting doctor is clearly visible in the videos, and hence 
the actions of the senior doctor is possible to note and 
exclude while evaluating the steps of the operation. When 
evaluating GRS and VAS scores, only the actions of the 
junior doctor were taken into consideration. Moreover, 
the different senior doctors as assistants were randomly 
assigned and thus, likely, the significance of the assis-
tance is equal in both groups.
To conclude, we found a significant increase in OSATS 
and VAS scores in live laparoscopic hysterectomies after 
training with a laparoscopic hysterectomy module on a 
virtual reality simulator. This indicates that skills gained 
in the virtual reality simulator seems to be transferred 
into the operating room, and training with a virtual reality 
simulator may lead to better surgical outcomes. While the 
training program on the virtual reality simulator hyster-
ectomy module is relatively easy to implement, including 
it into the laparoscopic hysterectomy training curriculum 
could be considered.
Fig. 4  OSATS and VAS scores in the study groups. Line represents 
the median value, boxes 50% of the cases, and whiskers the whole 
range. OSATS objective structured assessment of technical skills. VAS 
Visual Analog Scale. GRS Global Rating Scale, LH-OSATS laparo-
scopic hysterectomy specific OSATS
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